Physical and chemical properties of deoxycholate-solubilized HeLa cell plasma membrane receptors for binding group B coxsackieviruses were determined. Receptors eluted from Sepharose 4B with an apparent molecular weight of 275,000 and sedimented with an S value of between 14.7 and 4.9 and a buoyant density of 1.06 to 1.10 g/cm3. Virus-binding activity was destroyed after treatment with proteases, glycosidases, and periodate but was unaffected by lipases or reducing or alkylating agents. Additionally, lectins, including concanavilin A, adsorbed receptors and inhibited virus attachment. The composite data suggested that glycoprotein is an integral part of the receptors for binding virus. 
The role of specific cell surface receptors in determining the tissue tropism or cell susceptibility to infection with picornaviruses has been well documented (2, 15) . Within this family, the receptors for the various human enteroviruses have been most extensively studied, and some general properties have been identified. They are integral components (4, 17, 19, 22 ; N. H. Levitt , Ph.D. thesis, Hahnemann Medical College, Philadelphia, 1968) of the outer surface of the plasma membrane (17, 23) and are present at ca. 105 copies per cell (1) .
The six serotypes of the group B coxsackieviruses bind to a common receptor on HeLa cells which is distinct from that binding the polioviruses, group A coxsackieviruses, and echoviruses (14) . The receptors on intact HeLa cells are inactivated by chymotrypsin (22) , and their regeneration requires host cell protein and mRNA synthesis (13) . The development of a sodium deoxycholate (DOC) extraction procedure to solubilize biologically active, native receptors from HeLa cells (4, 12) provided an impetus to further characterize them.
The results presented herein represent the first characterization of soluble host cell receptors for binding group 
MATERIALS AND METHODS
Cells. The Mandel (3) and JJH (6) strains of HeLa cells and the MCN strain of mouse L cells (7) were grown as previously described.
Viruses and virus purification. The origins of the strains of coxsackievirus B1 (Conn-5), B3 (Nancy), and poliovirus Ti (Mahoney) were described elsewhere (5, 6 purified on two successive CsCl gradients (3) . The PFU of infectious virus were determined on JJH HeLa cells (6) .
Protein determination. Amounts of protein were estimated in a modified Lowry method (16) or from the absorbance at 280 nm, with bovine serum albumin (crystallized and lyophilized) as a standard.
Preparation and solubilization of cell membranes. Plasma membranes were isolated in 5 to 50% discontinuous sucrose gradients (21) nated as the reciprocal of the highest dilution of sample which bound fivefold more virus than background (uncoated wells or wells coated with L cell extracts) or, alternatively, as the amount of virus specifically bound to wells coated with a single dilution ('20 jig of protein per ml) of extract.
Chemicals. Reagents and chemicals were of reagent grade and were obtained from Sigma Chemical Co., St. Louis, Mo., unless otherwise indicated. RESULTS Gel filtration. Receptors for binding CB3 eluted from Sepharose 4B as a single peak between 180 and 192 ml (Fig.  1 ). This peak corresponded to a molecular weight of ca. 275,000 and closely matched the extract protein elution peak.
Sedimentation. Receptor activity was not sedimented after centrifugation of solubilized membranes in 0.1% DOC for 6 h at 208,000 x g (S < 14.7) but was pelleted (30% recovery) within 16 h (S ' 4.9). Equilibrium sedimentation of extracts in sucrose revealed peaks of receptor-specific activity (-:0.13 RU/cpm in original extract) at 13.9 (1.058 g/cm3) and 22.5% (1.095 g/cm3) sucrose (0.53 and 0.95 RU/cpm, respectively) in DOC-containing gradients and at 15% (1.063 g/cm3) sucrose (0.51 RU/cpm) in gradients containing octyl glucoside (Fig. 2) .
Association with lipid. Solubilized membranes were incubated in 10 mM MnC120.01% heparin buffered with 10 mM HEPES, pH 7.0 (3 h, 6°C). The resulting precipitate was collected by centrifugation (3,700 x g, 20 min) and suspended in PBS-0.1% DOC. Receptor activity was recovered in the pellet after heparin treatment (810 RU/ml of pellet; 30 RU/ml of supernatant), whereas receptors remained in the supernatant (810 RU/ml of supernatant; 270 RU/ml of pellet) in the absence of heparin.
The capacity of different lipases to inactivate receptors was examined. Receptor titers were not reduced after treatment (1 h, 37°C) of HeLa extract (5 RI) with phospholipase A2 (50 U from Naja naja venom), phospholipase C (14 U from Bacillus cereus), or lipase (150 U from Candida cylindracea).
Association with protein. The effects of different proteinmodifying agents on receptor activity were determined (Table 1). Receptors were inactivated by the proteases trypsin and chymotrypsin. In a control experiment with intact HeLa cells (22) , trypsin inactivated only the receptors for poliovirus Ti and not those for CB3, whereas chymotrypsin inactivated the receptors for CB3 but not those for poliovirus Ti (data not shown).
Sulfhydryl groups were not required for binding of virus to solubilized receptors, as reducing (dithiothreitol and 2-mercaptoethanol) or alkylating (iodoacetamide) agents had no effect on receptor activity (Table 1) b Normalized to receptor activity in buffer alone (mock treatment). c Periodate treatment, 30 min at 37°C; final concentration, 10 mM sodium m-periodate. The reaction was stopped by addition of glycerol to 10% (vol/ vol).
d Protease treatment, 60 min at 37°C; final concentration, 500 p.g/ml of protease and 62.5 p.g/ml of L-1-tosylamide 2-phenylethyl chloromethyl ketone (TPCK) or sodium-p-tosyl-L-lysine chloromethyl ketone (TLCK). Tubes were chilled on ice and assayed immediately.
' Sulfhydryl-modifying treatment, 30 min at 37°C; final concentrations, 20 mM dithiothreitol, 20 mM iodoacetamide, and 10 mM 2-mercaptoethanol. (9) , active only for hemagglutinating strains of virus (18, 19) , or extracted from erythrocytes, which do not support virus replication (19) . The present study used a detergent extraction procedure (4) to solubilize receptors for the group B coxsackieviruses from HeLa cells and permit their characterization.
The capacity of proteases to inactivate soluble or membrane (9, 18-20, 22, 23 The role of carbohydrate in receptor activity has been equivocal. In the present study, a carbohydrate requirement was suggested from the inactivation of solubilized receptors after periodate oxidation. In contrast, membrane receptors for these viruses were periodate insensitive (8, 19, 20) . However, the stability of receptors to pH extremes (pH 3 to 9 [9, 24; unpublished data]) and elevated temperatures (20, 24) is consistent with a glycoprotein involvement (2) .
Perhaps the best evidence for a carbohydrate (including glucosyl and mannosyl residues) requirement in receptors comes from the capacity of lectins to reversibly inhibit virus attachment and the sensitivity of receptors to glycosidase treatment. These residues may be 0-linked to receptor protein, since tunicamycin did not reduce receptor titers. It is unlikely that the resistance of virus-binding activity to tunicamycin treatment represented a carry-over of N-linked receptor carbohydrate from the inoculum cells, since a threefold reduction in receptor number, resulting from the threefold increase in cell number during treatment, would have been detected.
Receptors were resistant to treatment with assorted lipases, indicating that lipid was not required for virus binding. However, an association of lipid or detergent was consistent with the receptor buoyant density and the capacity of heparin to precipitate receptors from DOC-solubilized preparations. It will be of interest to reconstitute receptors with different lipids and determine whether lipid modulates receptor activity at stages subsequent to virus binding.
The composite data suggest that the virus-binding activity of DOC-solubilized HeLa cell plasma membranes involves glycoprotein with tightly associated lipid. Similarly, others (17, 19) showed that partially purified receptor preparations contained protein (53%), lipid (32%), and carbohydrate (5%).
The data are being interpreted to develop a rationale for a receptor purification protocol. The partially purified receptor will then be analyzed to further define its composition. Additionally, it will be possible to determine whether isolated, purified receptors can process (eclipse) virus. The information obtained should lead to a better understanding of virus-cell interactions and may reveal the role that virus receptors play in the host cell.
